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Posturography with virtual reality stimuli in different 
vestibular dysfunctions
Posturografia com estímulos de realidade virtual nas diferentes 
disfunções vestibulares
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ABSTRACT
Purpose: To assess body balance and to quantify possible alterations over the static posturography of the Balance Rehabilitation Unit 
(BRUTM) in patients with vestibular dysfunction. Methods: Retrospective study, with files of 100 patients with topographic diagnosis 
of peripheral or central vestibular dysfunction and 100 healthy individuals that composed the Control Group, of both genders, with 
ages varying between 7 and 86 years. For the posturography, the Balance Rehabilitation Unit (BRUTM), of Medicaa® was used. The 
following parameters were analyzed: stability limits, elliptical area, and speed of oscillation in ten sensory conditions. Results: Mean 
values  of the stability limit, the elliptical area and the speed of oscillation in the Experimental Group was significant when compared 
to the Control Group in all conditions. The mean parameters of the female Experimental Group were significant when compared to 
the Control Group in all conditions. Patients with central vestibular dysfunction obtained higher values than patients with peripheral 
vestibular dysfunction in the variables elliptical area and speed of oscillation, however with lower value of the area of the stability 
limit. Conclusion: Posturography with virtual reality stimuli was an effective assessment method for detecting alterations related to 
the variables stability limits, elliptical area, and speed of oscillation, since the Control Group performed better, both between groups 
and between genders. Among the vestibular dysfunctions, individuals with peripheral condition performed better than those with 
central vestibular dysfunction in all the variables analyzed on posturography.
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INTRODUCTION
Body balance is the individual’s ability to stay upright or 
to execute movements of acceleration and rotation without 
wobble or fall; it is based on the interaction between ves-
tibular system, visual stimuli, and proprioceptive sensitivity. 
The imbalance of one or more of these systems leads the 
individual to present a set of symptoms, in which dizziness 
is usually preponderant(1,2).
Vestibulopathy is the generic designation for body 
balance disorders, based on the central and/or peripheral 
vestibular system. It is very usual, with or without involve-
ment of the auditory system. Among the symptoms of the 
vestibular system, dizziness, vertigo (particular type of diz-
ziness, of a spinning character), imbalance, nausea, falls, 
and tinnitus may be mentioned(3).
To study body balance, many otoneurological assessment 
methods were developed, and the most commonly used 
procedure is the electronystagmography (ENG) or vecto-
electronystagmography (VENG). The vestibular examina-
tion is useful to confirm or deny the diagnostic hypothesis 
of vestibular impairment based on the clinical history, to 
localize the injury at peripheral, central or mixed level, to 
establish prognoses, to guide therapeutic procedures, and 
to allow monitoring of the evolution(4,5).
The ENG or VENG tests evaluate the vestibulo-ocular 
reflex, which has its main origin in the semicircular canals. 
Although the vestibulo-ocular reflex is essential for angular 
displacements of the body, the vestibulospinal reflex plays a 
key role in posture maintenance, because the evaluation of the 
vestibulo-ocular reflex alone is insufficient for the analysis of 
vestibular function as a whole. The visual and somatosensory 
information, as well as the proper sensory integration origi-
nated in the brainstem, actively participate on the maintenance 
of the body balance, thus evidencing the importance of a 
diagnostic method that evaluates individually those pieces of 
information.
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Posturography is an assessment method that seeks to find 
proprioceptive deficits in the balance of subjects in the stand-
ing posture, and evaluates their equilibrium by exposing the 
individual to different situations(7). It is divided into static, when 
the erect posture of the person is studied, and dynamic, when 
the response to a perturbation applied on the person is studied(8).
The computerized dynamic posturography researches dy-
namic posture and balance. It is a quantitative test of postural 
stability, which can provide a great amount of information 
that needs to be carefully studied(9). Dynamic posturography 
does not directly assess peripheral or central vestibular func-
tion, it is a technique for estimating the functional ability of 
the patient(10).
Posturography assesses the vestibulospinal pathway, which 
is not analyzed by conventional tests. However, individu-
als who present this test within normal limits might present 
electronystagmography alterations, therefore posturography 
complements the findings of conventional vestibular tests, and 
is indicated in situations in which is important to investigate 
the vestibulospinal reflex and the sensorial analysis of the 
balance disorder(6).
The computerized posturography carried out with the Bal-
ance Rehabilitation Unit (BRUTM) evaluates the interaction 
between visual, somatosensory and vestibular systems. It is a 
computerized static posturography equipment which conducts 
an analysis of the body sway in different sensory conditions, 
held in a virtual environment(11).
The term “realidade virtual” was created to define the vir-
tual worlds developed using high technology to convince the 
user that he is actually in another reality. It is a man-machine 
interface that simulates a real environment, an immersive and 
interactive experience based on three-dimensional graphic 
images, generated by a computer(12).
The virtual reality platform enables immersion in an il-
lusory world, in which the perception of the environment is 
modified by an artificial sensory stimulus that may cause a 
vestibulo-ocular conflict and the change of gain of this same 
reflection(13).
Posturography with virtual reality provides information 
about the manifestations related to imbalance, based on sensory 
stimulations designed in virtual reality goggles which recreate 
versions of real life situations(14).
Some studies have evaluated patients using the Balance 
Rehabilitation Unit (BRUTM) and demonstrated its effective-
ness in detecting alterations in different otoneurological clini-
cal reports(15-19).
The aim of this study was to assess body balance, and 
quantify possible alterations at static posturography conducted 
using the Balance Rehabilitation Unit (BRUTM) in patients with 
vestibular dysfunction.
METHODS
This research was approved by the Research Ethics Com-
mittee of the Universidade Federal de São Paulo – UNIFESP 
(0457/09).
This retrospective study aimed to compare the computer-
ized posturography parameters of individuals with diagnostic 
hypothesis of peripheral or central vestibular dysfunction 
(Experimental Group), to those of healthy individuals (Control 
Group).
We selected record files of 100 individuals from the Con-
trol Group and 100 individuals from the Experimental Group, 
with diagnosis of peripheral vestibular dysfunction or central 
vestibular dysfunction, who had been treated at the Balance 
and the Vestibular Rehabilitation Clinics of the Otoneurol-
ogy Discipline of the Department of Otorhinolaryngology of 
the UNIFESP over the years of 2007 and 2009. The Control 
Group consisted of 31 male participants (31%) and 69 female 
participants (69%). The Experimental Group consisted of 22 
male participants (22%) and 78 female participants (78%). 
Regarding age, the Control Group had mean age of 40.77 
± 3.70 years, and the Experimental Group had mean age of 
40.77 ± 4.25 years.
Concerning the topographic diagnosis, it was verified that 
91 individuals had peripheral vestibular dysfunction (91%) and 
nine had central vestibular dysfunction (9%).
For inclusion in the Control and Experimental groups, the 
record files were supposed to contain the neurotology evalua-
tion, including anamnesis, pure tone and speech audiometry, 
acoustic immitance measures, final results of the computer-
ized VENG and the posturography with virtual reality stimuli 
using the Balance Rehabilitation Unit (BRUTM) equipment 
from Medicaa®.
The inclusion criterion for the Experimental Group was 
the diagnostic hypothesis of peripheral vestibular dysfunction 
or central vestibular dysfunction, confirmed by the vestibular 
examination. The inclusion criteria for the Control Group 
were absence of otoneurological complaints and of any un-
compensated disease.
The record files that did not achieve the criteria mentioned 
were automatically excluded from the study.
The following tests were used on the computerized 
VENG: eye movement calibration, spontaneous nystagmus 
with opened and closed eyes, semi-spontaneous nystagmus, 
saccadic movements, pendular tracking, optokinetic nystag-
mus, decreasing pendular rotation test, and caloric air test.
The posturography module of the Balance Rehabilitation 
Unit (BRUTM) provides information regarding the position of 
the patient’s pressure center through quantitative indicators: 
stability limit area, elliptical area, and speed of oscillation 
in ten sensory conditions.
The posturography of the Balance Rehabilitation Unit 
(BRUTM) was performed with the patient in upright static 
posture and arms spread along the body. The patient was 
standing on the platform, barefoot, with the right and left 
internal malleolus positioned at the intermalleolar sides. The 
Balance Rehabilitation Unit (BRUTM) uses the midpoint of 
the intermalleolar line as the center of the standard limit of 
the stability circle. A mold helped marking the 10º-separa-
tion of the midline of the anterior part of each foot on the 
platform, forming an angle of 20° between the first two toes.
To determine the stability limit, the patient was told to 
carry out anteroposterior and lateral body dislocations using 
the ankle strategy, without moving the feet or using trunk 
strategies. The patient moved slowly until he could reach his 
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body stability limit in the following sequence: a) forward; 
b) return to starting position; c) to the right; d) return to 
starting position; e) to the left; f) return to starting position; 
g) backwards; h) return to starting position. The patient 
was asked to perform this sequence of movements twice, 
without necessarily completing the 60 seconds reserved for 
this procedure. The procedure was restarted in cases where 
the patient moved his feet or trunk.
The ten sensory conditions assessed were: 1) orthostatic 
position on steady surface, eyes open; 2) orthostatic position 
on steady surface, eyes closed; 3) orthostatic position on foam 
surface, eyes closed; 4) orthostatic position on steady surface, 
saccadic stimulation; 5) orthostatic position on steady surface, 
optokinetic stimulation with horizontal direction from left to 
right; 6) orthostatic position on steady surface, optokinetic 
stimulation with horizontal direction from right to left; 7) 
orthostatic position on steady surface, optokinetic stimulation 
in vertical direction from top to bottom; 8) orthostatic posi-
tion on steady surface, optokinetic stimulation with vertical 
direction from bottom to top; 9) orthostatic position on steady 
surface, optokinetic stimulation with horizontal direction 
associated to slow and uniform movements of head rotation; 
10) orthostatic position on steady surface, optokinetic stimu-
lation with vertical direction associated to slow and uniform 
flexion-extension movements of the head. A mat of medium 
density foam was used in the assessment of the third sense 
condition. Virtual reality goggles were used in the evaluations 
of the fourth to the tenth condition.
The program generates reports with data related to the 
area of  the stability limit, the 95% confidence elliptical 
area, and the speed of oscillation on the ten sensory condi-
tions. The 95% confidence elliptical area is defined as the 
distribution area of 95% of the pressure center samples; the 
mean speed of oscillation is determined by the total distance 
divided by the 60-second period of the task.
All results were submitted to descriptive statistical 
analysis for sample characterization. The Mann-Whitney 
test was used for comparative analysis of the Experimental 
and Control groups, and the peripheral and central vestibular 
dysfunctions, in all variables (area of  the stability limit, el-
liptical area, and speed of oscillation). The nonparametric 
Mann-Whitney test was used due to the asymmetry and 
variability of the scores of these variables. Analyses used 
the computer program SPSS 16.0 for Windows (Statistical 
Package for Social Sciences, version 16.0, 2007), and the 
level of significance adopted for statistical tests was of 5% 
(a=0.05).
RESULTS
There was difference (p=0.001) between the val-
ues  of stability limit area (cm2) of the Control Group 
(mean=183.70, standard deviation (SD)=59.90, me-
dian=180.00, range=172.00-195.40) and the Experimen-
tal Group (mean=150.80, SD=67.50, median=149.00, 
range=137.60-164.00) on the posturography of the Balance 
Rehabilitation Unit (BRUTM), with higher mean value for 
the Control Group.
The mean values of ellipse area in the Experimental 
Group were higher than those of the Control Group in all 
assessed conditions (p<0.05) (Table 1).
The mean values of oscillation speed in the Experimental 
Group were higher than those of the Control Group in all 
assessed conditions (p<0.05) (Table 2).
With regards to the values  of stability limit area (cm2) of 
the female genre, the Control Group (mean=176.40, SD=55.20, 
Table 1. Descriptive values and comparative analysis of the ellipse area (cm2) of Experimental and Control groups
Ellipse area (cm²) Mean Median SD CI p-value
SS/eyes open/no stimulus Experimental 3.83 2.66 4.26 0.83 <0.001*
Control 2.14 1.79 1.52 0.30
SS/eyes closed Experimental 6.69 2.86 13.76 2.70 <0.001*
Control 2.25 1.76 1.89 0.37
Foam surface/eyes closed Experimental 23.88 12.87 29.94 5.87 <0.001*
Control 10.67 7.60 7.67 1.50
SS/sacadic Experimental 3.43 2.18 3.55 0.70 <0.001*
Control 1.86 1.48 1.62 0.32
SS/bars/optokinetic to right Experimental 3.92 2.22 4.28 0.84 0.001*
Control 2.11 1.66 1.91 0.37
SS/bars/optokinetic to left Experimental 4.42 2.38 5.04 0.99 <0.001*
Control 1.94 1.36 1.85 0.36
SS/bars/optokinetic to top Experimental 4.19 2.33 4.67 0.91 <0.001*
Control 2.10 1.63 1.78 0.35
SS/bars/optokinetic to bottom Experimental 4.63 2.70 5.22 1.02 <0.001*
Control 2.24 1.55 2.02 0.40
SS/visual-vestibular interaction/horizontal stimulation Experimental 6.37 3.88 7.11 1.39 <0.001*
Control 3.20 2.24 2.58 0.51
SS/visual-vestibular interaction/vertical stimulation Experimental 5.25 3.51 5.30 1.04 0.001*
Control 3.43 2.33 3.22 0.63
* Significant values (p≤0.05) – Mann-Whitney test
Note: SS = steady surface; CI = confidence interval; SD =standard-deviation 
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median=176.00, range=163.40-189.40) had higher mean value 
when compared to the Experimental Group (mean=144.70, 
SD=65.50, median=146.50, range=130.20-159.20), which 
was statistically significant (p=0.002).
The mean values of  ellipse area and oscillation speed in 
the Experimental Group were higher than those of the Control 
Group in all evaluated conditions (p<0.05).
Regarding the values  of stability limit area (cm2) of the 
male genre, the Control Group (mean=199.80, SD=67.30, 
median=187.00, range=176.10-223.50) had higher mean value 
when compared to the Experimental Group (mean=172.60, 
SD=71.60, median=158.50, range=142.70-202.50), but this 
difference was not significant (p=0.162).
The mean values of ellipse area and oscillation speed in 
the Experimental Group were higher than those of the Control 
Group in all assessed conditions. With regards to the ellipse 
area, differences were found between the conditions of steady 
surface and saccadic movement, steady surface and optokinetic 
stimulation to the left, and steady surface and horizontal visual-
-vestibular interaction. For the oscillation speed, differences 
between the conditions steady surface and saccadic movement, 
steady surface and optokinetic stimulation to the right, steady 
surface and optokinetic stimulation to the left, and steady 
surface and downward optokinetic stimulation.
The mean value of stability limit area (cm2) in peri-
pheral vestibular dysfunction (mean=152.10, SD=68.20, 
median=151.00, range=138.10-166.10) was higher than that 
in central vestibular dysfunction (mean=137.80, SD=62.30, 
median=139.00, range=97.10-178.50), but this difference was 
not significant (p=0.651).
The mean values of ellipse area in central vestibular 
dysfunction were higher than those in peripheral vestibular 
dysfunction in all conditions tested (Table 3). In the speed 
of oscillation, central vestibular dysfunction values  were 
higher than those of peripheral vestibular dysfunction; 
differences were observed between the conditions steady 
surface and saccadic movement, steady surface and optoki-
netic stimulation to the left, steady surface and downward 
optokinetic stimulation, and steady surface and horizontal 
visual-vestibular interaction.
DISCUSSION
In this research we used the results of the computerized 
VENG with peripheral vestibular dysfunction and central vesti-
bular dysfunction, in order to compare the balance performance 
between these two groups of patients through posturography 
with Balance Rehabilitation Unit (BRUTM).
Regarding the findings of these groups, variables gender, 
area of the stability limit, elliptical area, and speed of oscilla-
tion were selected.
In this study there was a prevalence of female (78%) over 
male (22%) gender in patients with topographic diagnosis of 
peripheral vestibular dysfunction and central vestibular dys-
function. This finding agrees with several studies of patients 
with vestibular complaints(16,20,21).
The prevalence of vestibular disorders in women may be 
related to a higher organic predisposition to vestibular dys-
function due to intrinsic hormonal variation and metabolic 
disorders(22).
The mean age found in individuals with topographic 
diagnosis of vestibular dysfunction was 54.46 years. In seve-
ral studies with vestibular dysfunction the mean age ranged 
between 40 and 59 years(16,20,23).
There was a prevalence of individuals with topodiagnosis 
of peripheral vestibular dysfunction in relation to the topo-
Table 2. Descriptive values and comparative analysis of the oscillation speed (cm/s) of the Experimental and Control groups
Oscillation speed (cm/s) Mean Median SD CI p-value
SS/eyes open/no stimulus Experimental 0.99 0.90 0.47 0.09 <0.001*
Control 0.79 0.73 0.28 0.06
SS/eyes closed Experimental 1.48 1.19 1.04 0.20 <0.001*
Control 1.00 0.93 0.36 0.07
Foam surface/eyes closed Experimental 3.73 3.15 2.25 0.44 0.001*
Control 2.80 2.50 1.06 0.21
SS/sacadic Experimental 1.37 1.23 0.69 0.14 <0.001*
Control 1.06 0.94 0.47 0.09
SS/bars/optokinetic to right Experimental 1.31 1.18 0.67 0.13 <0.001*
Control 0.99 0.87 0.43 0.08
SS/bars/optokinetic to left Experimental 1.29 1.20 0.66 0.13 <0.001*
Control 0.99 0.91 0.45 0.09
SS/bars/optokinetic to top Experimental 1.30 1.18 0.64 0.13 <0.001*
Control 1.02 0.89 0.44 0.09
SS/bars/optokinetic to bottom Experimental 1.31 1.18 0.67 0.13 <0.001*
Control 1.03 0.90 0.48 0.09
SS/ visual-vestibular interaction/ horizontal stimulation Experimental 1.67 1.42 0.88 0.17 <0.001*
Control 1.33 1.16 0.63 0.12
SS/ visual-vestibular interaction/ vertical stimulation Experimental 1.74 1.49 0.87 0.17 0.008*
Control 1.51 1.30 0.72 0.14
* Significant values (p≤0.05) – Mann-Whitney test
Note: SS = steady surface; CI = confidence interval; SD =standard-deviation 
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diagnosis of central vestibular dysfunction. The same was 
observed in similar studies(24-27).
VENG and posturography are part of the otoneurologic tes-
ting, and assess different types of reflexes: the vestibulo-ocular 
reflex and vestibulospinal reflex, respectively. Posturography 
differentiates itself from conventional vestibular tests because 
it quantifies the patient’s standing functional stability through 
somatic, visual and vestibular stimuli(28).
Static posturography assesses the vestibulospinal reflex, 
analyses the oscillation of the body in stand-up position within 
the limits of the center of gravity, and contributes to the study 
of the balance of patients with positioning dizziness(29).
In this study we observed that the groups of patients 
with vestibular dysfunction had lower performance on the 
posturography, when compared to a Control Group regarding 
the stability limit area, the elliptical area, and the speed of 
oscillation.
Regarding the determination of the stability limit area 
(cm2), significant differences were found between Control and 
Experimental groups. No differences were found between the 
vestibular dysfunctions, neither in the comparison between 
Control and Experimental groups between male and female 
genders. The group with central vestibular dysfunction showed 
lower values , followed by the peripheral vestibular dysfunction 
group. The Control Group obtained higher values, which meant 
better performance on the balance assessment.
In their studies, some authors have observed better per-
formance of the Control Group when compared to the Expe-
rimental Group(11,16,17,19). 
Concerning the findings of elliptical area, the Control 
Group achieved the lowest mean values in all conditions, 
and, between vestibular dysfunctions, the lowest values were 
presented by the peripheral vestibular dysfunction group in 
all sensory conditions.
Taking into account that the smaller the ellipse area, the 
better the performance of the individual, the Control Group 
obtained better results when compared to the other groups, 
followed by the peripheral vestibular dysfunction group, 
which had a better performance over the central vestibular 
dysfunction group.
On previous studies, the mean values of ellipse area were 
higher in the Experimental Group when compared to the 
Control Group in all conditions assessed(16-19).
Regarding the results of the speed of oscillation, the Con-
trol Group obtained lower values in all sensory conditions; 
between vestibular dysfunctions, the central vestibular dys-
function group obtained the highest values, presenting a lower 
performance when compared to the Control and peripheral 
vestibular dysfunction groups.
These findings corroborate other studies, in which the mean 
values of speed of oscillation were higher on the Experimental 
Group when compared to the Control Group in all conditions 
evaluated(16-19).
In studies conducted with the static posturography Balance 
Rehabilitation Unit (BRUTM), several authors have concluded 
that the body balance evaluation allows the identification of 
oscillation speed and elliptical area abnormalities in patients 
with vestibular dysfunction(15-18).
The Balance Rehabilitation Unit (BRUTM) is a new proce-
dure designed to assess and rehabilitate patients with balance 
disorders of vestibular origin(14). The values found in the asses-
sment may be useful both in diagnosis for the characterization 
of body balance disorders, and in monitoring the progress of 
the disease under treatment(30).
Table 3. Comparison between vestibular dysfunction for the variable ellipse area (cm²)
Ellipse area (cm²) Mean Median SD CI p-value
SS/eyes open/no stimulus Peripheral 3.39 2.49 3.31 0.68 0.005*
Central 8.23 6.28 8.79 5.74
SS/eyes closed Peripheral 6.25 2.73 13.41 2.76 0.025*
Central 11.08 5.89 17.24 11.27
Foam surface/eyes closed Peripheral 23.48 12.40 30.19 6.20 0.317
Central 27.98 18.84 28.72 18.76
SS/sacadic Peripheral 3.03 2.11 3.27 0.67 0.001*
Central 7.39 7.69 4.05 2.64
SS/bars/optokinetic to right Peripheral 3.60 2.14 4.14 0.85 0.017*
Central 7.11 8.03 4.59 3.00
SS/bars/optokinetic to left Peripheral 3.79 2.14 4.02 0.83 0.002*
Central 10.84 10.10 9.02 5.90
SS/bars/optokinetic to top Peripheral 3.61 2.01 3.94 0.81 <0.001*
Central 10.07 6.78 7.22 4.72
SS/bars/optokinetic to bottom Peripheral 4.12 2.49 4.72 0.97 0.006*
Central 9.73 6.31 7.38 4.82
SS/ visual-vestibular interaction/ horizontal stimulation Peripheral 5.70 3.64 6.19 1.27 0.003*
Central 13.10 7.75 11.76 7.69
SS/ visual-vestibular interaction/vertical stimulation Peripheral 4.81 3.43 4.74 0.97 0.024*
Central 9.77 6.92 8.37 5.47
* Significant values (p≤0.05) – Mann-Whitney test
Note: SS = steady surface; CI = confidence interval; SD =standard-deviation 
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CONCLUSION
Posturography with virtual reality stimuli was an effective 
assessment method to detect alterations related to the variables 
stability limit area, ellipse area, and speed of oscillation, since 
the Control Group achieved better performance, both between 
groups and genders. Between the vestibular dysfunctions, 
individuals with peripheral condition obtained better perfor-
mance than individuals with central vestibular dysfunction in 
all variables analyzed.
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RESUMO
Objetivo: Avaliar o equilíbrio corporal e quantificar possíveis alterações na posturografia estática do Balance Rehabilitation Unit 
(BRUTM) em pacientes com disfunção vestibular. Métodos: Estudo retrospectivo, com prontuários de 100 pacientes com topodiagnós-
tico de disfunção vestibular periférica ou central e 100 indivíduos hígidos compondo o grupo controle, de ambos os gêneros, entre 7 
a 86 anos. Para a posturografia foi utilizado o equipamento Balance Rehabilitation Unit (BRUTM), da Medicaaâ. Foram analisados os 
parâmetros limite de estabilidade, área de elipse e velocidade de oscilação em dez condições sensoriais. Resultados: A média dos 
valores do limite de estabilidade, da área de elipse e da velocidade de oscilação do grupo experimental foi significativa em relação 
ao grupo controle em todas as condições. A média dos parâmetros do gênero feminino do grupo experimental foi significativa em 
relação ao do grupo controle em todas as condições avaliadas. Os pacientes com disfunção vestibular central obtiveram maiores 
valores que os pacientes com disfunção vestibular periférica nas variáveis área de elipse e velocidade de oscilação, porém menor 
valor da área do limite de estabilidade. Conclusão: A posturografia com estímulos de realidade virtual foi um método de avaliação 
eficaz para detectar alterações relacionadas às variáveis limite de estabilidade, área de elipse e velocidade de oscilação, uma vez 
que o grupo controle obteve melhor desempenho, tanto entre os grupos quanto entre os gêneros. Entre as disfunções vestibulares, os 
indivíduos com acometimento periférico obtiveram melhor desempenho do que os indivíduos com disfunção vestibular central em 
todas as variáveis analisadas na posturografia. 
Descritores: Doenças vestibulares; Equilíbrio postural; Tontura; Testes de função vestibular; Vestíbulo do labirinto/patologia
REFERENCES
 1. Mendonça AC, Rossi AG, Flores FT, Teixeira CS. Alterações do 
equilíbrio em indivíduos ex-usuários de álcool e drogas ilícitas. Acta 
ORL. 2006; 24(4): 255-8.
 2. Freitas MR, Weckx LL. Labirintopatias. Rev Bras Med.1998; 54(ed 
espec):173-84.
 3. Ganança MM. Vertigem tem cura? São Paulo: Lemos; 1998.
 4. Ganança MM, Vieira RM, Caovilla HH. Princípios de otoneurologia São 
Paulo: Atheneu, 1998. (Série Distúrbios da Comunicação Humana)
 5. Caovilla HH, Ganança MM, Munhoz MS, Silva ML. Equilibriometria 
clínica. São Paulo: Atheneu; 1999. (Série otoneurológica,1).
 6. Bittar RSM. como a posturografia dinâmica computadorizada pode nos 
ajudar nos casos de tontura?. Arq Int Otorrinolaringol. 2007;11(3):330-
3.
 7. Herdman SJ. Reabilitação vestibular. 2a ed. São Paulo: Manole; 2002.
 8. Duarte M, Freitas SM. Revision of posturography based on force plate 
for balance evaluation. Rev Bras Fisioter. 2010;14(3):183-92.
 9. Monsell EM, Furman JM, Herdman SJ, Konrad HR, Shepard NT. 
Computerized dynamic platform posturography. Otolaryngol Head Neck 
Surg. 1997;117(4):394-8. 
 10. Furman JM. Role of posturography in the management of vestibular 
patients. Otolaryngol Head Neck Surg.1995;112(1):8-15
 11. Santana GG. Realidade virtual em idosos com vertigem posicional 
paroxística benigna [dissertação]. São Paulo: Universidade Bandeirante. 
 12. Montero EF, Zanchet DJ. Realidade virtual e a medicina. Acta Cir Bras. 
2003;18(5):489-90.
 13. Di Girolamo S, Picciotti P, Sergi B, Di Nardo W, Paludetti G, Ottaviani 
F. Vestibulo-ocular reflex modification after virtual environment 
exposure. Acta Otolaryngol. 2001;121(2):211-5.
 14. Gazzola JM, Dona F,Ganança MM, Suarez H, Ganança FF, Caovilla 
HH. Virtual reality in the assessment and rehabilitation of vestibular 
disorders. Acta ORL. 2009;27(1):22-7.
 15. Kessler N. Da posturografia na esclerose múltipla [tese]. São Paulo: 
Universidade Federal de São Paulo; 2008. 
 16. Adas AG. Posturografia computadorizada com estímulos de realidade virtual 
em pacientes com síndromes vestibulares periféricas irritativas e deficitárias 
[dissertação]. São Paulo: Universidade Federal de São Paulo; 2009. 
 17. Cusin FS, Ganança MM, Ganança FF, Ganança CF, Caovilla HH. 
Balance Rehabilitation Unit (BRUTM) posturography in Menière’s 
disease. Braz J Otorhinolaryngol. 2010;76(5):611-7.
 18. Monteiro SR. Posturografia do Balance Rehabilitation Unit (BRUTM) na 
Vertigem Posicional Paroxística Benigna [tese]. São Paulo: Universidade 
Federal de São Paulo; 2010. 
 19. Moreira DA. Posturografia do Balance Rehabilitation Unit (BRUTM) em 
dependentes de drogas ilícitas, com ou sem abuso de álcool [tese]. São 
Paulo: Universidade Federal de São Paulo; 2010.
 20. Assunção ARM, Albertino S, Lima MAMT. Auto rotação cefálica 
ativa em pacientes com tontura/vertigem. Rev Bras Otorrinilaringol. 
2002;68(1):57-6.
 21. Cunha TS, Ganança CF, Sizenando CS. Comparison between Handicap 
and vestibulometric results in individuals with chronic dizziness. Acta 
ORL. 2008;26(1):40-5.
 22. Pedalini ME, Bittar RS, Formigoni LG, Cruz OL, Bento RF, Miniti A. 
Reabilitação vestibular como tratamento da tontura: experiência com 
116 casos. Arq Int Otorinolaringol. 1999;3(2):87-92. 
 23. Lourenço EA, Lopes KC, Pontes Junior A, Oliveira MH, Umemura A, 
Vargas AL. Distribuição de achados otoneurológicos em pacientes com 
disfunção vestibular. Rev Bras Otorrinolaringol. 2005;71(3):288-96.
 24. Ganança CF, Kuhn AM, Caovilla HH, Ganança MM. Vertigo and 
60 Yamamoto MEI, Ganança CF
Rev Soc Bras Fonoaudiol. 2012;17(1):54-60
migraine: neurotological findings in computerized nystagmography and 
head-only rotational testin. Acta ORL. 2005;23(4):165-8.
 25. Cusin FS, Silva SMR, Ganança CF. Electronystagmographic findings 
in patients with benign paroxysmal positional vertigo submitted to the 
Epley’s maneuver. Acta ORL. 2006;24(2):69-74.
 26. Gazzola JM, Ganança FF, Aratani MC, Perracini MR, Ganança MM. 
Caracterização clínica de idosos com disfunção vestibular crônica. Rev 
Bras Otorrinolaringol. 2006;72(4):515-22. 
 27. Ganança FF, Gazzola JM, Aratani MC, Perracini MR, Ganança MM. 
Circumstances and consequences of falls in elderly people with 
vestibular disorder. Rev Bras Otorrinolaringol. 2006;72(3):388-93.
 28. Krempl GA, Dobie RA. Evaluation of posturograpy in the detection of 
malingering subjects. Am J Otol. 1998;19(5):619-27.
 29. Giacomini PG, Alessandrini M, Magrini A. Long-term postural 
abnormali t ies in beningn paroxysmal posit ional  vert igo. 
Otorrinolaryngol Relat Spec. 2002;64(4):237-41.
 30. Ghiringhelli R, Ganança CF. Posturografia com estímulos de realidade 
virtual em adultos jovens sem alterações do equilíbrio corporal. J Soc 
Bras. Fonoaudiol. 2011;23(3):264-70. 
